The assembly of oppositely charged block copolymers, containing small thermoresponsive moieties, was analysed by light scattering (LS), NMR spectroscopy and small angle X-ray scattering (SAXS). At room temperature, two different micelle morphologies were found at different salt concentrations. At NaCl concentrations below 0.75 M, complex coacervate core micelles (C3M) with a PNIPAM corona were formed as a result of interpolyelectrolyte complexation. At NaCl concentrations exceeding 0.75 M, the C3M micelles inverted into PNIPAM cored micelles (PCM), containing a water soluble polyelectrolyte corona. This behavior is ascribed to the salt concentration dependence of both the lower critical solution temperature (LCST) of PNIPAM, and the complex coacervation. Above 0.75 M NaCl, the PNIPAM blocks are insoluble in water at room temperature, while complexation between the polyelectrolytes is prevented because of charge screening by the salt. Upon increasing the temperature, both types of micelles display a cloud point temperature (T cp ), despite the small thermoresponsive blocks, and aggregate into hydrogels. These hydrogels consist of a complexed polyelectrolyte matrix with microphase separated PNIPAM domains. Controlling the morphology and aggregation of temperature sensitive polyelectrolytes can be an important tool for drug delivery systems, or the application and hardening of underwater glues.
Introduction
Complex coacervation is a liquid-liquid phase separation that occurs when two oppositely charged polyelectrolyte solutions are mixed, resulting in two coexisting phases: (1) the complex coacervate, a water-insoluble polyelectrolyte phase, and (2) a dilute solvent phase. 1 Complex coacervates display unique characteristics, such as a low interfacial tension and a high water content, while being water-insoluble. 2, 3 This combination of properties makes complex coacervates interesting for many applications, such as underwater adhesives or encapsulants. [4] [5] [6] [7] [8] The properties of complex coacervates depend on several parameters, including the chemical nature of polyelectrolytes, salt concentration, and in the case of weak polyelectrolytes, the pH. These parameters influence not only the water content, but also the interaction strength and mobility of the polyelectrolytes in the complex. 3, 9 Complex coacervate core micelles (C3M) (also known as poly-ion complex (PIC) micelles, block ionomer complex (BIC) micelles, or interpolyelectrolyte complex (IPEC) micelles) can be formed when watersoluble blocks are connected to the polyelectrolytes. These water-soluble blocks will form a stabilizing corona around the water-insoluble complex coacervate core of the C3M. [9] [10] [11] A special class of C3Ms are stimuli responsive micelles, which are promising systems for sensors or controlled delivery systems, and many reports describe C3Ms that are responsive to ionic strength, pH or temperature. 9, [12] [13] [14] [15] [16] [17] [18] [19] [20] for applications such as drug delivery. Therefore, large stabilizing blocks with a minimum block length of 30 mol% are typically used to form the corona. [13] [14] [15] [16] [17] [18] However, for applications such as adhesives, the formation of a dense solid phase is needed and smaller temperature responsive blocks may be preferred to obtain a different morphology.
In this article, we study the assembly of oppositely charged block copolymers with short temperature-sensitive blocks. The system is composed of two block-copolymers, (Fig. 1) . Both PDMAEMA and PAA are weak polyelectrolytes that are positively and negatively charged at neutral pH, respectively, therewith enabling complex coacervation. 1, 3 Thermo-responsiveness is introduced into the system by means of PNIPAM, which is a well-explored polymer displaying a lower critical solution temperature (LCST). 21 Below the LCST, PNIPAM is water-soluble, while above the LCST, the polymer chain collapses and PNIPAM becomes water-insoluble. 22 The LCST of PNIPAM in aqueous solution is about 32°C, but varies with molecular weight, salt concentration, and block length ratio when copolymerized. [22] [23] [24] [25] We study both the influence of salt concentration and temperature on the morphology of the block copolymer mixtures. Analysis is performed using light scattering (LS), nuclear magnetic resonance spectroscopy (NMR), and small angle X-ray scattering (SAXS). We show that at low salt concentrations, C3Ms with a PNIPAM corona are formed, Fig. 1 . However, sufficiently elevated salt concentrations turn the C3Ms inside out, leading to PNIPAM-cored micelles (PCMs) with a water-soluble polyelectrolyte corona. Upon temperature increase, both C3Ms and PCMs aggregate and form hydrogels, displaying a salt concentration dependent cloud point temperature (T cp ).
Experimental
Materials 1,4-Dioxane (99.8%), NIPAM (97%), azobisisobutyronitrile (AIBN) (98%), tert-butyl acrylate (98%, 10-20 ppm monomethyl ether hydroquinone inhibitor), aluminium oxide (neutral, Brockmann I) and hydrochloric acid (37%, RG) were purchased from Sigma Aldrich and used as received, unless mentioned otherwise. Sodium chloride (>99.5%) was bought from Acros Organics. Methanol (HPLC grade), dichloromethane (DCM) (AR), diethyl ether (AR), 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) (AR) and n-hexane (HPLC grade) were purchased from Biosolve and used as received, unless mentioned otherwise. Sodium hydroxide solution (TitriPUR, 0.1 M) was bought from Merck Chemicals. PNIPAM-b-PDMAEMA was purchased from Polymer Source, M n 38.2 kDa and PDI 1.05, ESI Fig. 1 . † The chain transfer agent S,S′-bis(α,α′-dimethyl-α″-acetic acid) trithiocarbonate (BDAT) was synthesized using a previously described method. 26, 27 Triblock synthesis and characterization Synthesis of poly-(N-isopropylacrylamide). NIPAM was recrystallized twice from n-hexane. AIBN was recrystallized from methanol prior to use. A round bottom flask was filled with 30.9 mg AIBN, 266 mg BDAT, 8.5 g NIPAM, and 43 mL dioxane (m : R : i as 80 : 1 : 0.2, [m] 0.8 M). The reactants were dissolved and the mixture was purged with nitrogen for 60 minutes. The polymerization took place at 70°C for 85 minutes. Subsequently, the reaction was quenched by exposure to air and rapid cooling. The resulting polymer was purified by precipitation in diethyl ether. Polymer characterization. NMR was used to determine the purity of all the products and the conversion of the monomers in polymerization. 1 H and 13 C NMR-spectroscopy measurements were carried out on a Bruker AMX-400 spectrometer (400 MHz) at room temperature. Gel permeation chromatography (GPC) of the PNIPAM macroRAFT agent was performed using an Omnisec Reveal system with an Omnisec Resolve detector, equipped with two PSS PFG columns. The samples were run in 1,1,1,3,3,3-hexafluor-2-isopropanol containing 0.02 M potassium trifluoroacetate. GPC of the triblock was carried out with an Agilent 1260 Infinity II HPLC gel permeation chromatograph, equipped with a Waters Ultrahydrogel500 column. The samples were run using an aqueous buffer of 0.01 M Na 2 HPO 4 /NaH 2 PO 4 with 0.1 M NaNO 3 as an eluent.
Methods
Sample preparation. The polymers were dissolved in water as stock solutions with a concentration of max. 300 g L −1 and the pH was adjusted to 6.5 ± 0.2. Samples were prepared by making a NaCl solution with the desired salt concentration. First, the polyanion was added to the salt solution, followed by the polycation, such that the total final chargeable monomer concentration was 0.1 M. The order of mixing is important as it determines the degree of coacervation. Also, the polymers were added in an equal charge stoichiometry, meaning that the amount of positively charged monomers equals the amount of negatively charged monomers, as was verified by zetapotential measurements that should result in about 0 mV (ESI Fig. 7 †) . The solution was shaken and refrigerated to equilibrate before use. Zetapotential measurements. Charge stoichiometry was verified using zetapotential measurements. All measurements were performed using a Malvern Zetasizer Nano ZS (Malvern Instruments, U.K.) at 25°C after a temperature equilibration time of 30 s. The number of runs was selected automatically using the Zetasizer software (version 7.02, Malvern Instruments, U.K.). A 4 mW He−Ne ion laser at 633 nm was used and the signal was detected at a fixed angle of 173°. Each measurement was repeated six times. Samples were prepared at 0.5 M NaCl and 0.1 M charged monomers, followed by three-fold dilution using demineralised water.
Light scattering. LS experiments were performed on an ALV CGS-3 compact goniometer system equipped with a JDSU 1145P laser, operating at a wavelength of 633 nm, and an ALV/ LSE-5004 external correlator. The measurements were carried out at a measuring angle of 90°. The data were analysed with a second order cumulant fit using ALV-7004 Correlator software and checked for monodispersity using CONTIN. The temperature was controlled with a Julabo Refrigerated-Heating Circulator. The temperature increased in steps of 2°C, using a time interval of 10 minutes. This time is sufficient to equilibrate the micelles, as waiting steps of 1 hour yielded similar results. Furthermore, samples containing a charged monomer concentration of 0.1 M were used and demonstrated radii similar to samples containing 0.01 M charged monomers. Therefore, we assumed that interparticle interactions do not influence the results at the used concentration.
LS was used to determine the cloud point temperature T cp . In this article, the T cp of the assemblies is defined as the temperature where the scattering intensity has doubled compared to its value at 17°C for 0.75 M NaCl, and 25°C for all other samples. The data used for this determination are shown in ESI Fig. 8 performed on a Bruker AVANCE 600 NMR spectrometer equipped with a TCI cryoprobe. Standard Bruker pulse sequences were used with typical mixing times for the NOESY experiments of 100 ms. 90 degree pulses were calibrated for each sample to account for the high salt concentrations. Small angle X-ray scattering. SAXS measurements were performed on a SAXSLAB GANESHA 300 XL SAXS machine equipped with a GeniX 3D Cu Ultra Low Divergence microfocus sealed tube source producing X-rays with a wavelength of λ = 1.54 Å at a flux of 15. placed at a sample-to-detector distance of 441 mm and/or 1041 mm to access a q-range of 0.004 ≤ q ≤ 0.710 Å −1 , and a q-range of 0.003 ≤ q ≤ 0.296 Å −1 with q = 4π/λ(sin θ), where 2θ
represents the observation angle. Silver behenate was used for the calibration of the beam centre and the q-range. Samples were contained in 2 mm quartz capillaries (Hilgenberg GmbH, Germany) and the temperature was controlled using a Julabo heating circulator. The two-dimensional SAXS patterns were azimuthally averaged to obtain one-dimensional SAXS profiles.
Results and discussion
NaCl concentrations up to 0.75 M Light scattering. In this section, samples containing up to 0.75 M NaCl will be discussed, while samples with higher salt concentrations will be discussed below. The described block copolymers were mixed at different NaCl concentrations, at constant pH, and equal charge. The charge fraction,
, was set at 0.5 (ESI Fig. 7 †) by adding equal amounts of DMAEMA and AA monomers, which should approximately result in a net zero charge at pH 6.5. To verify this, zetapotential measurements were performed, and the ratio between the monomers was adjusted when needed. The samples were investigated using light scattering while increasing the temperature (ESI Fig. 8 †) . At room temperature, a single phase is observed, while at elevated temperatures, an aggregated system is found. To show the transition between these systems, a summary of the LS data is given in Fig. 2 . In the single phase system at salt concentrations below 0.75 M, most often objects with well-defined and monodisperse hydrodynamic radii are observed at room temperature (ESI Fig. 9 †) . CONTIN analysis revealed a monomodal decorrelation curve, suggesting the assembly of the polymers into well-defined objects, such as C3Ms.
The assembly of the polymers into C3Ms can be explained by the interactions between the polyelectrolytes and the solubility of PNIPAM under these conditions. Mixed homopolymers of PDMAEMA and PAA, of block lengths comparable to the electrolyte blocks used in this research, form complexes below the critical salt concentration (c s ) of approximately 1.1 M NaCl. 3 This means that below 0.75 M NaCl, complex coacervation between the PDMAEMA and PAA blocks can occur. PNIPAM, on the other hand, is soluble at room temperature and at salt concentrations of 0.75 M NaCl and below.
Regarding the well-defined objects observed in LS, the PNIPAM blocks are able to solubilize the complexed polyelectrolytes, resulting in C3Ms with a PNIPAM corona. From LS, an estimated size for the C3Ms can be obtained. For 0.5 M NaCl, an R h of 31 nm was observed. This value is similar to values that were reported before. Upon sufficient temperature increase, the aggregation of the micelles from solution was observed as is indicated by a sudden increase in the radius, scattering intensity, and/or polydispersity in the LS data (ESI Fig. 8 and 10 †) . 17 In Fig. 2 , the determined T cp (black dots) are shown for all the measured salt concentrations. It was observed that below 0.75 M NaCl, the T cp decreases with increasing salt concentration. This trend can be attributed to the salt concentration dependent solubility of PNIPAM. PNIPAM solubility decreases when salt concentrations increase, which is expressed by a decreasing LCST and thus collapsing of the polymer chain at lower temperatures (ESI Fig. 21 †) . 23, 29 A similar behaviour was observed not only for PNIPAM containing micelles but also for micelles containing different temperature-responsive blocks. 13 After sufficient cooling of the samples, aggregates disappeared again and radii similar to the sizes observed before heating were measured, demonstrating the reversibility of the system. The T cp observed at 0 M NaCl deviates from the tendency of increasing T cp with decreasing salt concentration. Without added salt, oppositely charged polyelectrolytes strongly interact immediately upon mixing, through electrostatic bonds with long relaxation times. This most likely results in a heterogeneous and kinetically trapped system. The system may not have enough mobility to arrange in stable micelles, which in turn will result in a lower T cp .
NMR. NMR is used to verify the presence of C3Ms at 0.5 M salt concentration. In the 1 H spectra of the mixtures, as shown in Fig. 3 , the peaks of the backbone between 1.0 and 2.2 ppm are broadened compared to the unmixed PDMAEMA and PAA (ESI Fig. 11 and 12 †) . Also, the peak of PDMAEMA ( peak A) at 2.9 ppm is broadened. Peak broadening occurs when the mobility, and thus solubility, of the molecules is decreased, e.g. in the case of complexation. In contrast, the PNIPAM peak at 3.8 ppm remained sharp, which shows an unchanged mobility of the PNIPAM blocks. NOESY-NMR is a 2D-NMR technique that establishes correlations between chemical moieties that are in close proximity through space, i.e. within 1 nm distance from each other. Therefore, this NMR technique can also be used to verify the proposed micelle morphologies.
14 ESI Fig. 15 † depicts the NOESY spectrum at 0.5 M NaCl. A cross-peak between the PDMAEMA and PAA (2.1;2.9) can be observed in the spectrum at room temperature. Furthermore, cross-peaks can be observed between peaks belonging to the same polymer block, e.g. for PNIPAM peak b at 3.9 ppm. In NOESY spectra obtained from unmixed polymer solutions, cross-peaks can only be observed between PNIPAM peaks, or only between polyelectrolyte peaks (ESI Fig. 19 and  20 †) . Altogether, the data show that PAA and PDMAEMA are close in space when the polymers are mixed. Therefore, both 1D and 2D NMR techniques indicate the presence of C3Ms, with a water insoluble complex coacervate core and a hydrated PNIPAM corona at low salt concentration and temperature.
Additionally, NMR experiments were performed at elevated temperatures to investigate whether the aggregation of the micelles leads to differences in the morphology between the samples at different salt concentrations. At 67°C, the peak splitting and peak intensities of the PDMAEMA ( peaks A and B), and the PNIPAM ( peaks a and b) decreased even further, Fig. 3 . This reflects the decreased solubility of the micelles at elevated temperatures. In NOESY, cross-peaks that were present between DMAEMA and PAA at room temperature disappeared after increasing the temperature (ESI Fig. 16 †) . Both observations can be explained by the reduced solubility of the polymers resulting from the aggregation, which reduces visibility in NMR. After cooling the samples back to room temperature, similar 1 H spectra could be obtained as before heating, showing the reversibility of the system (ESI Fig. 13 †) . Small angle X-ray scattering. SAXS measurements were performed to investigate the size and shape of the micelles at room temperature, and the morphological features of the hydrogels at elevated temperatures. The scattering intensity of the 0.5 M NaCl sample at room temperature was low, which resulted in noisy data after 8 h of data collection, see Fig. 4A . As a result, we limit ourselves to a qualitative description of the scattering curves. The slope in the q-range of 0.03 -0.2 Å −1 is estimated to be −2. For spheres or micelles with a sufficient density difference between the core and the corona, a slope of −4 is expected. Therefore, we suggest that the micelle has an indistinct boundary between the core and the corona, which is the result of the high water content of the complex coacervate core. Alternatively, the limited stability of the samples (see discussion in the next session) may have resulted in aggregation, which in turn may have reduced the concentration of the micelles significantly, resulting in poor scattering.
The SAXS spectra at an elevated temperature exhibit more morphological features compared to the spectra at room temperature. At 67°C, a peak appears at 0.032 Å −1 , corresponding to a characteristic distance of approximately 20 nm. It is plausible that the observed distance corresponds to the typical distance between PNIPAM and complex coacervate domains. However, the lack of higher order peaks suggests that there is no specific long range arrangement of the domains. Sample stability. In this research, all samples were prepared at charge neutrality, as was checked by zetapotential measurements. Equal charge ratios appeared to be a requirement for obtaining macroscopic aggregation, and for the sudden steep increase in the radius, scattering intensity and polydispersity that were observed in LS. Samples prepared at non-equal charge stoichiometry displayed T cp like behaviour, but showed a more gradual increase in the radius and scattering intensity. This behaviour can be explained by the presence of likecharged micelles with an excess charge in the corona, leading to repulsion between the micelles and at sufficient net charge prevention of macroscopic aggregation. 11, 32 Similarly, PNIPAM that was copolymerized with hydrophilic moieties also showed a more gradual aggregation. 30 To obtain monodisperse micelle solutions, the equilibration of the samples is a key factor. Immediately after the preparation of the 0.5 M NaCl samples, small pieces with a gel like structure appeared in the 0.5 M NaCl solutions and dissolved over time. The dissolution of these solid pieces could be sped up by refrigerating, which is also reported by Park et al. 13 Furthermore, for elevated polymer concentrations at room temperature, micelle solutions at low salt concentrations were not fully stable and after one day, sediments of a complex coacervate coexisted with a dilute phase which contained micelles. This observation can be explained by the short PNIPAM chains that are likely not able to completely stabilize the micelles in solutions with higher polymer concentrations, resulting in aggregation and sedimentation. A similar behaviour was observed by De Santis et al. who investigated C3Ms with different sizes of water-soluble blocks. 17 Micelles composed of block copolymers with the smallest stabilizing blocks formed aggregates, while the other micelles did not. Bayati et al. also observed the aggregation of PNIPAM-containing micelles but underlined that PNIPAM can not only aggregate above the LCST, but also below the LCST due to weak hydrophobic interactions, leading to aggregation as well.
14 Furthermore, they observed that increasing polymer concentrations resulted in increased aggregation, similar to our findings.
NaCl concentrations from 0.75 M and above Light scattering. Preparing samples at NaCl concentrations of 0.75 M, and above, at room temperature, resulted in objects with high polydispersities, as observed from the PDI from LS (ESI Fig. 9 †) , and displayed multimodal decorrelations in the CONTIN analysis. The formation of objects under these conditions is unexpected as the formation of coacervates, and thus C3Ms, is prevented when the salt concentration exceeds a critical salt concentration (c s,cr ), which is at about 1.0 M NaCl for this system. Above 0.75 M NaCl, PNIPAM is insoluble at room temperature which leads to the formation of micelles consisting of an insoluble PNIPAM core, stabilized by the polyelectrolytes (PCMs) (ESI Fig. 21 †) .
With LS, polydisperse structures are observed. As a control, angle dependent LS was performed on samples containing 1.25 M NaCl and 0.01 M charged groups. These measurements resulted in a linear relationship between the decay rate Γ and q 2 , which only slightly deviated at high q. The linear decay indicates the presence of spherical particles at elevated salt concentrations, instead of, for example, cylindrical objects. The triblock PNIPAM-b-PAA-b-PNIPAM can form bridges between the different micelles, as is schematically shown in Fig. 1e . The presence of interconnected micelles at higher polymer concentrations could be an explanation for the polydisperse structures observed with LS. For PCMs, aggregation is observed with increasing T cp for higher salt concentrations, Fig. 2 , while at lower salt concentrations, a decrease in T cp was observed. The aggregation of PCMs is caused by the reoccurrence of complexation of the polyelectrolytes, which can be explained by two phenomena. Firstly, complex coacervation is most likely entropically driven, thus temperature dependent. 31 Secondly, by increasing the temperature, the c s,cr also increases. When c s,cr exceeds the salt concentration of the sample, complex coacervates can be formed. For higher salt concentrations, higher temperatures are needed to exceed the c s,cr . This behaviour was observed before for PAA/PDMAEMA homopolymers and in addition to other homopolymer couples, such as poly(trimethyl amino ethyl methacrylate) (PTMAEMA) and poly(sulphopropyl methacrylate) (PSPMA). 31 The influence of the LCST of PDMAEMA on the aggregation at a high salt concentration is considered unlikely, as charges on the polyelectrolyte prevent LCST behaviour. At this pH, the PDMAEMA is charged, and the charges cannot be screened by PAA due to the high salt concentration. Increasing T cp with increasing NaCl concentrations is therefore likely the result of increased polyelectrolyte solubility, and a complex coacervation-driven aggregation of the PCMs. With LS, different tendencies in the radii can be observed with increasing temperature, between the samples at low and high salt concentrations, ESI Fig. 8 . † Below 1.0 M NaCl, the radius steeply increases with increasing temperature, while at a high salt concentration, first a decrease in the radius is observed, followed by an increase. This tendency might be explained by a collapse of either the core or the corona preceding aggregation. 32 As a result, the scattering intensity would increase while the micellar radius decreases, as is observed at 1.0 M NaCl. Equal to samples containing less than 0.75 M NaCl, sedimentation was observed for the samples prepared above 0.75 M NaCl. However, the sedimentation only occurred after a couple of days. The polyelectrolyte blocks of the PCMs are much larger than the insoluble PNIPAM blocks under these conditions and therefore more efficiently stabilize the micelles without aggregating. Therefore, higher polymer concentrations could also be obtained without visible aggregation within a day.
NMR. For 1.0 M NaCl, similar peak patterns are observed when comparing the 1D spectra of unmixed and mixed polymers. Also, when comparing the polymer mixtures at 0.5 and 1.0 M NaCl, the peak intensity is higher and the peak splitting is more defined at increased salt concentrations, Fig. 3 . This indicates a higher mobility, and thus a higher solubility of the polymers at high salt concentrations. Furthermore, in the NOESY spectra, no cross-peaks between PDMAEMA and PAA can be observed at room temperature for representative resonances at 2.1 and 2.9 ppm, ESI Fig. 17 . † This can be caused by an inability of the system to detect nuclear Overhauser cross-peaks, for example due to low solubility of the polymers or due to a large distance between the polymers. From the proton spectra, it is known that the polymers have a high mobility, and therefore it is most likely that correlations are not present on the timescale of the measurement, because of a larger separation of the polyelectrolyte blocks. Together, this supports the hypothesis of the presence of PCMs with a dehydrated PNIPAM core and a hydrated polyelectrolyte corona at high salt concentrations.
At 67°C, the intensity of the peaks has slightly decreased and the proton peak of the PNIPAM has even disappeared, Fig. 3 . This indicates a reduced solubility at temperatures above the LCST. Also at this salt concentration, the temperature transition is a reversible process, ESI Fig. 14 . † Furthermore, cross-peaks between PDMAEMA and PAA, 2.1;2.9 ppm, appear in the NOESY spectra when the temperature is increased, ESI Fig. 18 . † The appearance of the crosspeaks indicates reoccurring complex coacervation at elevated temperatures. 33 Small angle X-ray scattering. At 1.0 M NaCl, the scattering intensity is higher as compared to 0.5 M NaCl, because of the denser core and thus, a higher density difference between the core and the solvent, which resulted in higher scattering intensities. At room temperature, a slope of −2 can be observed from q ≈ 0.03 until 0.2 Å −1 . As spherical particles are expected from the multi-angle LS results, we expect a similar morphology to that of 0.5 M NaCl samples, i.e. a weak distinction between the core and the corona, causing a lower slope. At low q values, an upturn in the scattering intensity is observed, which is ascribed to the presence of larger sized objects. 18, 33 These objects may form upon bridge formation between micelles. At elevated temperature, two broad peaks can be observed at approximately 0.021 and 0.037 Å −1 , as is indicated with the black arrows in Fig. 4B . Similar to 0.5 M NaCl, the peaks likely originate from a typical distance between PNIPAM and complex coacervate domains. The broad higher order peak at q ≈ 0.037 Å −1 indicates ordering over longer distances. However, the shape and order of the domains cannot be determined from the spectrum. From q*, the characteristic distance between the domains is calculated as approximately 30 nm. [34] [35] [36] [37] Compared to the sample at 0.5 M NaCl, the characteristic distance is larger, which could be related to the difference in the salt concentration, and thus the difference in the water content, as was also observed in the peak splitting in NOESY-NMR. The sample with a high salt concentration has weaker interpolyelectrolyte interactions, leading to a looser structure and lower polymer concentration, and thus larger distances between the PNIPAM domains, as was also found by Krogstad et al.
3,34

Conclusions
By mixing oppositely charged polyelectrolytes functionalized with PNIPAM, different micelle morphologies could be obtained at room temperature. At low salt concentrations, C3Ms were observed with a PNIPAM corona and a polyelectrolyte core. At sufficiently high salt concentrations, the micelles turned inside out, into PCMs with a water-soluble polyelectrolyte corona and a PNIPAM core. Both micelles displayed a salt dependent T cp , leading to aggregation and sedimentation in aqueous solution. The resulting concentrated phase contains domains of PNIPAM and complex coacervate with a salt concentration dependent separation distance. The ability to adjust the morphology and solubility of the micelles can be an important tool to apply complex coacervates as drug delivery vehicles, or as underwater or medical adhesives.
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